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INTRODUCTION
Lung cancer remains the most frequent cause of cancer-related death worldwide. [1] Elderly patients make up a substantial proportion of non-small cell lung cancer (NSCLC) patients and their numbers are expected to increase. [2] They've been significantly underrepresented in clinical trials, making it difficult to extrapolate clinical trial data. [3] Despite the clear benefits to survival, most elderly patients with advanced NSCLC are under-treated or do not receive chemotherapy. [4, 5] In general there is an expectation that elderly patients have poor tolerance to treatment. [6] Physicians may be reluctant to offer treatment known to provoke troublesome side effects due to the unwarranted assumption that elderly patients do not benefit from cytotoxic therapy. [7, 8] Consequently, elderly patients are frequently under-treated, and only one quarter of elderly patients (> 65 years) with advanced NSCLC are reported to receive palliative chemotherapy. [4, 9] Advanced age has been a prevalent reason for not administering treatment, contrary to established guidelines. [10] [11] [12] Platinum-based doublet chemotherapy is considered to be standard of care for elderly patients with an Eastern Cooperative Oncology Group Performance Status (ECOG PS) score of 0-1. [13] [14] The association of a platinum compound with a third-generation agent improves survival, [15] [16] and seems to be the most effective therapeutic choice in such cases. Recently, several elderly-specific trials showed that chemotherapy is effective and feasible for elderly patients with NSCLC. [17] [18] [19] [20] [21] National Comprehensive Cancer Network guidelines recommend platinumdoublet chemotherapy in patients with good performance status regardless of age. [22] The European Organization for Research and Treatment of Cancer/ International Society for Geriatric Oncology also recommend the use of carboplatin-based doublets in fit elderly patients and single-agent treatment for less fit patients. [12] Despite recent developments in treatment recommendations for elderly patients, little is known about use of these in clinical practice, and very limited data are available for elderly patients outside of clinical trials. Limited data exist regarding realworld treatment patterns and outcomes with respect to patients with metastatic NSCLC treated at Spanish regional hospitals.
We hypothesized that elder benefit as younger patients from chemotherapy in stage IV NSCLC. Therefore, in this study, we aimed to evaluate the proportion of elderly advanced NSCLC patients attended at clinical practice who are candidates for standard systemic chemotherapy, the actual proportion of patients who receive chemotherapy, the actual treatment they received and clinical outcome in these patients.
METHODS
We collected on a prospective manner of all patients with advanced NSCLC (stage IV) seen at the Regional Medical Oncology Unit form the Hospital Lluis Alcanyis, Xàtiva since January 2004, creating a data base register. Patients collected for this analysis accomplished the following conditions: histological or cytological confirmation of NSCLC (although we accepted radiological diagnosis without histological confirmation) in stage IIIB (pleural effusion, prior TNM stage), or stage IV of the disease. Outpatient and those are suitable for treatment (PS 0-2). We collected data on baseline demographics, clinical characteristics and a detailed treatment history. Our study period covers January 2004 until December 2014. Tumor histology was classified on the basis of the 2004 WHO classification. [23] Patients were classified respect to smoking habits into 3 groups: never smoker, active smoker and ex-smoker (if they had quit smoking a year or more prior to diagnosis). Data on drugsensitive epidermal growth factor receptor (EGFR) mutations was collected, since June 1 2010 using peptide nucleic acid-locked nucleic acid polymerase chain reaction clamp-based testing. When testing was not performed the data was recorded as "unknown". Anaplastic lymphoma kinase (ALK) translocations have been determined via fluorescence in situ hybridization since June 2012. Studies of K-RAS mutation are not performed as part of standard care. For surviving patients, final follow up was recorded on 15th December 2014. Survival time was calculated from the time of diagnosis until death or final follow up.
Statistical evaluation was performed using SPSS version 20.0 software; unpaired Student's t-test, Chisquared, and Fischer exact test were used according to data type. Statistical significance was defined as P < 0.05; variables were considered to be independent for the statistical analysis; continuous data was expressed as mean ± standard error. Statistical analyses of categorical variables were performed using Pearson's Chi-square test or Fisher's exact test as appropriate. Survival analysis was performed using the KaplanMeier method, and groups were compared using the log-rank test. Univariate and multivariate analyses were performed using the Cox proportional hazard regression analysis. 
RESULTS
From January 2004 until December 2014, 322 patients (162 patients in Group 1 and 160 patients in Group 2) were included in the analysis. Clinical characteristics and comparison between age groups are shown in Table 1 . In the elderly group, 30% were octogenarians. More elderly patients had a PS of 2 (39% vs. 16%, P = 0.00001); and were derived without histological confirmation (6% vs. 2%, P = 0.025). Squamous cell carcinomas predominate on the elderly (44% vs. 34%, P = 0.023). The majority of patients had had an smoking history (92% of younger patients vs. 82% of the elderly, P = 0.001). Most of the elderly patients were ex-smokers (62%) while the younger patients tended to be active smokers (69%). Smoking habit was related to squamous histology in the elderly group. Younger smokers developed both squamous cell and adenocarcinoma meanwhile, in the elderly group, we found a link between the following characteristics: female gender, adenocarcinoma, no history of smoking and EGFR-mutation (P = 0.00001); 99% of aged women were never smokers and there were no elderly women with squamous histology. Smoking status was unrelated to PS.
No patient in our series had ALK rearrangement (analysis started on June 2012). In terms of EGFR mutations, 116 patients had unknown status (patients diagnosed prior to 2010). In both groups all EGFRmutations were found in adenocarcinoma (P = 0.00001). No mutations were found in women smokers; never smoking predicted EGFR status in women in both age groups, while in men this only occurred in the elderly (P = 0.0001). In younger men, smoking habit did not predict mutation status [ Figure 1 ].
There was a higher percentage of EGFR-mutations in the elderly group. In the global series, 25% of adenocarcinoma were found to be mutated; 13% in younger group, 28% in elderly group (P = 0.01).
Treatment data: Table 2 shows differences in patterns of treatment. Patients without histological diagnosis didn't receive treatment in either age group. Of the 102 elderly patients who received first-line treatment, 71 (70%) were treated with chemotherapy, 17 (16%) with EGFR TKI and 14 (14%) with radiotherapy. Elderly patients had received less active treatment (P = 0.0001). PS influenced whether treatment was administered or not in both groups (P = 0.0001). Performance status was an independent predictor, as patients with PS of 2 did not receive chemotherapy in either group. The same proportion of patients with a PS of 2 received palliative brain radiation in the two groups (3 and 6; 10%). Elderly patients received less chemotherapy (P = 0.0001) and were more likely to receive palliative radiation as sole treatment (81% vs. 5%). In the younger group, of the 124 patients with PS 0-1 suitable for chemotherapy (excluding 12 patients with EGFR mutation); 118 (95%) were treated with chemotherapy. In the elderly group, 71 of 98 patients (72%) suitable for chemotherapy received this treatment. More elderly patients with good PS received palliative radiotherapy as sole treatment (4% vs. 8%, P = 0.0001). Overall, of the 189 patients that received chemotherapy (58.6% of the global series), 62.5% were in the younger group vs. 37.5% who were elderly (P = 0.0001). In terms of chemotherapy, the elderly received more carboplatin combinations (34% vs. 60%), monotherapy (6% vs. 30%) and were less likely to receive bevacizumab combinations (2% vs. 18%) (P = 0.035). All patients with EGFR mutation received first line EGFR TKI. Only one patient with an EGFR mutation in the elderly group had PS 2.
For the global series, overall survival was 8.979 months [95% confidence interval (CI) 7.949-10.08] and there was no difference between age groups (9.42 vs. 8.48 months; P = 0.0238) [ Figure 2 ].
According to the univariate analysis using Cox proportional hazard regression analysis, the following factors were related to better survival: female gender, ECOG PS 0-1, adenocarcinoma histology, no history of smoking, presence of EGFR mutation, administration of treatment, chemotherapy and EGFR-TKI therapy. For female patients, never smoking and adenocarcinoma histology were related to EGFR-mutation and EGFR-TKI; only EGFR-mutation remained significant in multivariate analysis for overall survival [ Table 3 ].
When we excluded these confounding factors, PS 0-1 and systemic chemotherapy were independently associated with better survival in both groups.
There was a clear benefit associated with administration of some treatment in both groups (10.5 vs. 2.5 months in the younger group, P = 0.0000 and 11.8 vs. 2.5 months in the elderly group, P = 0.000) [ Figures 3  and 4 ]. For those patients suitable for treatment (PS 0-1), radiotherapy, chemotherapy and EGFR treatment when appropriate were also found to provide benefits [ Figure 5 ]. No impact on overall survival was found with respect to treatment for patients with a PS of 2 (3 vs. 2.6 vs. 2.3 months; radiotherapy vs. chemotherapy vs. EGFR treatment respectively).
Elderly patients were found to benefit slightly from chemotherapy (9.9 vs. 10.6 months; no chemotherapy vs. chemotherapy respectively, P = 0.42). In terms of platinum-combinations vs. monotherapy, the same benefit was found for younger versus elderly patients (P = 0.14). Platinum-combinations were found to be more effective in younger patients (9.5 vs. 5.7 months; platinum vs. non-platinum combinations respectively), but no differences were found in the elderly group (10.5 vs. 10.2 months; combination vs. monotherapy). Few patients were treated with bevacizumab and we are therefore unable to draw conclusions. No differences in survival were found with respect to distinct platinum combinations.
Smoking habit had impact on overall survival in elderly patients that received chemotherapy (P = 0.006) [ Figure 6 ]. Median overall survival for active smokers during chemotherapy treatment was 6.5 (95% CI 3.9-9.1) vs. 12.1 months (95% CI 9.5-14.7), P = 0.011 for those who had quit smoking. In addition, smoking had an impact on the outcomes of patients who received combination therapy in the elderly group; smokers treated with platinum-combination had median overall survival of 6.9 months (95% CI 4.1-9.6) vs. 12.7 months in ex-smokers (95% CI 9.4-15.9. Median overall survival for patients receiving monotherapy in the elderly group was 6.8 months for active smokers (95% CI 3.2-13.1) vs. 10.8 months in ex-smokers (95% CI 6.4-15.1) (P = 0.014). The relationship between smoking status and chemotherapy was not significant in the younger group.
DISCUSSION
In this study, we analyzed all elderly patients with advanced NSCLC who visited our outpatient hospital over a 10-year period, and found that 64% (n = 102) received active treatment. The elderly patients treated benefit in a similar way that younger counterparts.
Smoking had an important impact on elderly patients treated.
Elderly patients tended to have poorer PS. All of the elderly women except one were never smokers.
With the increasing number of female smokers, it is uncertain whether in the future we will see greater numbers of elderly women smokers. [24] [25] [26] [27] Most probably, due to the high sensitivity of women to tobacco carcinogens, the tendency will be towards an increase of younger female lung cancer patients. [28] In any case, never smoker status was significantly related to EGFR-mutation in elderly and younger women. A higher prevalence of EGFR mutations in the elderly has already been described, [29] and, as in our series, older age at diagnosis has been reported to be an independent predictor of EGFR mutations in female never-smokers with adenocarcinoma. [30] In this study, in males never smokers, smoking habit was related to EGFR mutation in the elderly group only; it was not a predictor of EGFR status in the younger group. Smoking was related to histology in the elderly; squamous cell lung carcinoma was the main histology in this group. Adenocarcinoma related to smoking was more predominant in the younger group. It should be taken into account that the elderly patients were mostly ex-smokers. The high incidence of smoking history in the elderly has already been described. [31] Most elderly patients with metastatic NSCLC do not receive chemotherapy, as database analyses have shown. [4] In our series, elderly patients were less likely to receive chemotherapy than younger patients; however on analysis of those elderly patients suitable for chemotherapy, almost 85% received chemotherapy. This is a probably a higher rate of treatment than reported in published data. [34] For example, one analysis performed by SEER-Medicare, [4] which considered elderly patients as those > 66 years, showed that only 25.8% received first-line chemotherapy. In that study, multivariate analyses indicated that with increasing age, comorbidity and poor PS, treatment with any chemotherapy and platinum-based doublet regimens is less likely to be used. In our series, the elderly patients were older than those in the SEER analysis (> 70). From a total of 160 elderly patients, 71 (44.3%) received chemotherapy. This is a higher figure than reported in other studies. Platinum-doublet chemotherapy regimens have been shown to extend survival in fit patients with advanced non-small-cell lung cancer. [4] At our study, both, cytotoxic chemotherapy and EGFR TKI treatments are feasible and prolong survival when comparisons are made with patients who do not receive chemotherapy in both groups. It seems that the benefit of treatment of elderly patients Doublet platinum-based chemotherapy regimens are the standard of care for both adult and elderly fit advanced NSCLC patients, with good tolerance and only minor effects on quality of life (QoL). [32, 33] In our study, a high percentage of elderly patients with PS 0-1 suitable for chemotherapy did in fact receive chemotherapy. Since 2006 we have used geriatric assessments to determine suitability for treatment. [34, 35] All young patients with good PS were treated; but there were no differences in overall survival for those elderly. Are elderly patients undertreated? Or are younger patients overtreated?
The elderly were less likely to receive cisplatincombinations and more likely to receive monotherapy. Surprisingly we did not find any differences when comparing platinum-combinations to monotherapy. Monotherapy has been for several years the recommended palliative treatment for elderly patients with advanced NSCLC. [36] Factors that influence whether a patient receives a platinum-doublet or single-agent are unclear in the elderly. Over the period of study we have found a tendency to prescribe monotherapy, probably due to doubts about the benefit of platinum-combination until recently. Probably, these elder patients were more carefully selected, and we do not know whether they would have benefited from a platinum-combination. Other authors found that platinum-doublet chemotherapy provides greater benefits than single agents in the elderly. [4] It is difficult to make conclusions in the sense that this is not a randomized study. Bevacizumab has not been specifically studied in older patients. [37] As few elderly patients were treated with bevacizumab we are unable to draw conclusions. Probably the two patients suitable for first line bevacizumab were carefully selected. At present we are exploring bevacizumab in elderly patients selected using geriatric assessment (ClinicalTrials.gov identifier: NCT01980472). For chemotherapy combinations (vinorelbine, gemcitabine, paclitaxel, pemetrexed, docetaxel) we did not find any differences in elderly patients, which leads us to draw the conclusion that, as in younger patients, the benefits of chemotherapy have reached a plateau. [6, 38] Our results indicate that chemotherapy treatment is strongly associated with greater survival. Furthermore, the magnitude of this benefit is comparable with that seen in clinical trials, or even more so. The closeness of these estimates suggests that with adequate adjustments for patients' characteristics, observational studies can provide very useful information on the effectiveness of treatment.
The same prognostic factors were found for in the elder and younger patients; PS 0-1, active treatment, never smoker and EGFR mutation, regardless of age. For elderly patients, smoking has impact on benefit from chemotherapy, as ex-smokers benefit more from both combination and monotherapy.
Our analysis raises several questions that deserve future study. In particular, we have noted that despite gains in treatment rates during the study period, overall survival remains poor and smoking continues to be a major factor in determinant treatment outcomes, although only for the elderly. Our survival results indicate that appropriate patients, regardless of age, can benefit from aggressive treatment. Additional work on smoking is need to further elucidate the role of smoking on age and treatment outcomes.
Our study has several limitations. First, this analysis was conducted in a single center, so we cannot extrapolate our results the overall population with lung cancer. Secondly, we have an important selection bias, as we only collected data on ambulatory patients. However, these are the patients that benefit most from chemotherapy. Thirdly, some variables have not been collected (median number of chemotherapy cycles, chemotherapy lines, and progression-free survival). Also, EGFR mutation test and ALK rearrangement tests were not fully performed in most patients.
However, this study also has strengths. All data was collected from the same oncology unit, and patients were all attended by the same oncologist (Dr. Gironés). Possible confounding factors for treatment (physician bias) have been prevented. [39] The number of cases was relatively high. To date, most studies of elderly lung cancer patients have been from subgroup analysis of phase III studies or were specific studies for elderly patients with fewer patients. Studies with high numbers of patients were retrospective. [6, 38] In conclusion, patients do benefit from aggressive chemotherapy regardless of their age. Our observational data provide an opportunity to understand the effects of treatment when applied in routine practice and assess whether outcomes are comparable to those obtained in clinical trials. Approximately 45% of the elderly patients with advanced NSCLC seen at our routine clinical practice received active treatment with chemotherapy, and this prolonged survival in a similar way to in their younger counterparts. The most significant advances in median overall survival have been in cases of lung cancer unrelated to smoking (EGFR-mutations). Unfortunately, smoking remains the main cause of lung cancer in elderly patients. Efforts to prevent the initiation of the smoking habit and also to quit smoking should be made, regardless of age.
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